New X-ray observations of the sparse NGC 3258 group of galaxies made by the ASCA satellite with good spectral and spatial resolution has revealed that this group has a gravitational potential deep enough to prohibit significant mass removal from the system. The baryonic fraction within 240h Bang nucleosynthesis for a Universe with Ω 0 = 1 and h 50 = 1. Since the deep potential of the NGC 3258 group ensures that all pristine intragroup gas has been retained, the baryonic fraction of the NGC 3258 group is indicative of the universal value. Consequently it seems premature to rule out a critical Universe.
Introduction
A key issue in cosmology is to determine the baryonic fraction in the Universe and X-ray observations are particularly well suited for this task. They have revealed that the main component of light-emitting matter in clusters of galaxies is a T ∼ 10 7 degree hot gas trapped in the cluster potential (White & Fabian 1995 , David et al. 1995 . Recent X-ray studies with ROSAT have shown that the most abundant galaxy associations (Tully 1987 , Nolthenius 1993 ) groups of galaxies with only a handful of galaxies, are also massive enough to retain hot intergalactic gas (Ponman et al. 1993 . The X-ray emitting hot gas seems to be rather smoothly and spherically distributed, lending support to the assumption that the gas is in hydrostatic equilibrium with the underlying potential.
With this assumption, and since the hot gas is detected far beyond the optical extent of the group, the gravitating mass distribution can be determined to several hundred kiloparsecs from the group center. The hot gas in groups is therefore a much more secure tracer of the gravitational field than the galaxies which do not even assure the physical reality of their grouping on the sky.
The mass fraction of baryons consisting of light-emitting matter (galaxies and hot gas)
in the few groups with well-determined masses is around f b ≈ 0.15 for h 50 = 1 (Mulchaey et al. 1996) which is not too dissimilar to f b ≃ 0.20−0.25 h −3/2 50 (White & Fabian 1995 , David et al. 1995 in clusters of galaxies. If groups or clusters are representative of the Universe as a whole, the above baryonic fractions may be identified with the ratio of baryon to total mass densities Ω b /Ω 0 in the Universe. Neither the baryonic fraction of the groups studied so far nor the baryonic fraction of clusters can be reconciled with the standard Big Bang nucleosynthesis (SBBN) prediction Ω b h 2 50 = 0.05 ± 0.01 for a critical Ω 0 = 1 Universe if h 50 = 1 (White et al. 1993) .
One approach for narrowing in on the universal baryonic fraction is to obtain deep X-ray observations of galaxy groups with a sufficiently deep potential, to ensure that de-gassing has not been important. Galaxy groups are much more abundant than galaxy clusters and those groups having kept all their primordial gas should give a relatively fair estimate of the baryonic fraction in the Universe.
The Advanced Satellite for Cosmology and Astrophysics (ASCA) provides superior energy coverage and spectral resolution compared to previous X-ray observatories, yielding more accurate determination of temperature and metal abundance of hot intergalactic gas in galaxy associations. In order to study the hot gas content of a deep potential group and determine its content of light-emitting matter and dark matter, we have obtained new ASCA observations of the NGC 3258 group for which the optical parameters are listed in Table 1 . The four mass estimators of Heisler et al. 1985 yield masses in the range 0.9 − 2.4 × 10 13 M ⊙ with a mean of M vir = 1.7 × 10 13 M ⊙ being uncertain within a factor of about two. The large virial mass of the NGC 3258 group indicates that it has a deep gravitational potential. Furthermore the short crossing time and short collapse time point to a bound and relaxed system. EDITOR: PLACE TABLE 1 HERE.
X-ray studies of the NGC 3258 group of galaxies
We obtained a 22400 sec exposure of the NGC 3258 group of galaxies with ASCA in May 1994. More than 4000 photons from an extended source centered on the NGC of the Solid-state Imaging Spectrometers (SIS0) detected more than 1800 photons whereas the other (SIS1) were so badly affected by "hot and flickering" pixels that the NGC 3258 group emission from this detector could not be recovered. Consequently the SIS1 data were excluded from the analysis. The ASCA data were screened for local contaminating sources and background emissions from the detectors, and the sky were subtracted using the publically available long exposures at high Galactic latitude.
EDITOR: PLACE FIGURE 1 HERE.
Diffuse emission centered on the group is clearly detected by each of the GIS detectors and by the SIS0 detector (Fig. 1 ). In the SIS0 image there is a clear peak situated at the centroid of the diffuse emission. Furthermore a point-like source North-West of the group center is detected and diffuse emission is extending North-East-wards beyond the GIS field of view, towards the poor cluster around NGC 3268.
The point-like source is 11 ′′ off-set a background Seyfert galaxy located at a redshift of z = 0.0636 (M.I. Andersen, private communication). The X-ray emission is well fitted as a point source shining through the intragroup gas. No other obvious optical counterparts are found within the 40 ′′ pointing error circle (90% confidence) of ASCA. In the analysis of the diffuse group emission a circular region centered on the X-ray point source was masked out.
For the GIS data, a radius of 4 ′ circle was chosen, and for the SIS0 data a radius of 3 ′ .
In order not to be biased by the emission extending towards the NGC 3268 cluster, only photons within 10 ′ of the optical axis in this quadrant of the detector were included in the model fits to the GIS images. The contribution of "stray photons" from the NGC 3258 cluster outside the field of view were estimated from ray tracing simulations, kindly provided by the astrophysics group of Nagoya University. At most, a few percent of the photons within any region in the GIS field of view originates outside the field of view.
The peak of the diffuse emission is off-set NGC 3258 by 1.1 ′ and off-set NGC 3260 by 1.8 ′ , making it most likely that the peak is attributed to the minimum of the group potential. We analysed the surface brightness distribution of the diffuse intragroup emission using a model-fitting procedure (Pedersen 1996) . Given the spherically symmetric appearance of the group X-ray emission and the number of detected photons, we generated azimuthally symmetric model images of the group emission characterised by the so-called
, generally used to fit the X-ray surface brightness profile of clusters of galaxies (Jones & Forman 1984) . Vignetting of the X-ray telescopes was applied and the model images were folded with the point spread function of the X-ray telescopes and the GIS detectors. We found from the spectra that most of the photons were in the range of 1-2 keV, so that we adopted the vignetting and point spread functions at an energy of 2 keV. We checked that using the telescope and detector responses at an energy by 1 keV lower or higher does not change the conclusion of our analysis. Model images were then fitted individually to each GIS image and the SIS0 image with the slope of the surface brightness profile and the core radius as free parameters. Due to the low number of counts per pixel element a maximum-likelihood statistic was minimised rather than χ 2 .
Model fits to each of the GIS images were mutually consistent and simultaneous fit to both GIS images yielded a slope of β = 0.6 ± 0.2 and a core radius of r c = 112 ± 50 h −1 50 kpc. These two parameters are tightly linked in a way that larger β results in larger r c . The quoted uncertainties arise from varying the level of the background emission by 20% which dominates over the statistical errors for a low surface brightness source like the NGC 3258 group. The intragroup emission is detected out to at least 240 h −1 50 kpc.
The diffuse emission extends all the way to the edge of the SIS0 field of view, making it difficult to constrain the surface brightness profile from this detector. However, the best-fit profile from the SIS0 image is entirely consistent with the best-fit profile from simultaneous fit to both GIS images. The three independent ASCA images give tight constraints on the distribution of intragroup gas in the NGC 3258 group. EDITOR: PLACE FIGURE 2 HERE.
Integrated spectra of the masked region within 15
′ of the centroid of the group peak for the GIS detectors and within 14 ′ for the SIS0 detector were accumulated. The Fe-L complex around 1 keV, which is typical of a 1-2 keV plasma, is visible in the SIS0 spectrum (Fig. 2) . This enables reliable determination of metal abundance in the intragroup gas.
Plasma emission models were folded with the instrument responses and fitted to the spectra, using the XSPEC version 9.00 software. MEKAL models (Mewe et al. 1996) as well as Raymond-Smith models (Raymond & Smith 1977) provide good fits to all three spectra. Simultaneous fit of MEKAL models to the GIS2 and the GIS3 spectra yields a temperature of kT = 1.90 While the metal abundance of the NGC 3258 group is very low in concordance with the abundances of other groups deduced from lower resolution ROSAT spectra (Mulchaey et al. 1996) , the temperature kT = 1.7 ± 0.2 keV is significantly higher than those in the few other groups where the intragroup gas has been detected (Mulchaey et al. 1996) . We also extracted spectra from three annuli centered on the centroid of the diffuse emission. In the process of spectral fitting, we took the mixing of photons between annuli into account, but for the three wide annuli chosen a maximum of 25% of the photons originated outside the annulus itself. No significant variations of kT and Z were seen out to 15 ′ .
Mass determinations of the NGC 3258 group
From the profiles of gas density and temperature, we estimated the intragroup gas mass and the gravitating mass in the NGC 3258 group. Integrating the bestfit β model out to the detected extent, the gas mass inside 240h The relatively high temperature and steep density profile of the intragroup gas implies that the gravitational potential well is deeper than in the few other sparse groups which have been subject to detailed X-rays studies. It should be safe to assume that no gas has been expelled from the group by galactic winds (Dekel & Silk 1986 , Yoshii & Arimoto 1987 . The smooth appearance and short sound crossing time of the intragroup gas ensure that the gas is approximately in hydrostatic equilibrium with the group potential, allowing us to estimate the gravitating mass. In concordance with the temperature profile deduced from the spectral fits, we model the intragroup gas as isothermal gas, giving the following expression for the gravitating mass (Cowie et al. 1987) M grav (r) = 1.8 × 10 12 h −1
Numerical simulations of clusters of galaxies show that this mass estimator is unbiased and accurate to better than 30%, even when significant substructure is present (Evrard et al. 1996) . Using β = 0.6, r c = 112h
50 kpc, and kT = 1.7 keV, the gravitating mass inside 240h 50 M ⊙ . Since M grav far exceeds M gas and M gal , we conclude that most of mass in the NGC 3258 group is dark which is reflected in a large mass to light ratio M grav /L B = 237 h 50 (M/L B ) ⊙ . The virial mass estimate is a bit lower than the X-ray determined mass. This is to be expected since the galaxy motions only probe the inner parts of the group whereas the X-ray data trace mass contributions out to 240h −1 50 kpc from the group center.
The baryonic fraction or the mass ratio of galaxies and gas to the total gravitating matter inside 240h −1 50 kpc is given by
The baryonic fraction at large radii is nearly independent of the radius at which it is evaluated ( Fig. 3) , decreasing from 0.092 EDITOR: PLACE FIGURE 3 HERE.
The low baryonic fraction relative to the few other groups with well-determined gas fractions is due to a relatively steep gas density profile and a high intragroup gas temperature, yielding a low gas mass and a high gravitating mass. A summary of the results is given in Table 2. EDITOR: PLACE TABLE 2 HERE.
Cosmological implications
Our deep ASCA pointing of the sparse NGC 3258 group has enabled a precise determination of the baryonic fraction in this system. The derived value of f b ≈ 0.065 is comparable to the SBBN prediction of the universal baryonic density Ω b h 2 50 = 0.05 ± 0.01 with Ω 0 = 1 and h 50 ≈ 1.
Our discovery of a sparse galaxy group having a low baryonic fraction is interesting to discuss in light of the cosmological implications associated with recent measurements of primordial deuterium in high-redshift quasar absorption line systems (Rugers & Hogan 1996 , Tytler et al. 1996 , Songaila et al. 1997 . Although the reported D/H abundance is still controversial, a range of 4×10 −5 < D/H < 2.4×10 −4 seems to persist (Songaila et al. 1997 −0.20 (h 50 = 1.5). We note in passing, that these bounds are in accord with constraints on Ω 0 from large-scale flows (Dekel et al. 1997 ) and from the first acoustic peak in the cosmic microwave background (Hancock & Rocha 1996) .
In conclusion, our measured low f b value removes much of the prevailing argument that the baryonic fraction in galaxy systems only leaves room for a low-density Universe.
Specifically, it is premature to rule out a critical Universe, and we conjecture that such a Universe is still a viable option in modern cosmology.
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a The temperature kT and metal abundance Z are the best-fit values when combining integrated spectra within 14 ′ of the group center for SIS0 and within 15 ′ of the group center for GIS2 and GIS3. The X-ray luminosity L X in the 0.5-5 keV band is estimated from the half of intragroup emission which is not contaminated with the background Seyfert emission or the extension towards NGC 3268 assuming a spherically symmetric surface brightness distribution. The gas mass M gas and the gravitating mass M grav are those integrated out to r = 240 h −1 50 kpc from the group center assuming that the intragroup gas is isothermal and in hydrostatic equilibrium. 
